A search for CO(2{1) emission from 42 early type galaxies with 100 m ux densities greater than 1 Jy detected (tentatively in some cases) eleven galaxies and tentatively found absorption against the active nucleus in two. Data from this survey and from the literature show that the overall detection rate of CO emission or absorption in elliptical galaxies is 45% and that the detection rate increases with increasing 100 m ux density. The data suggest that all elliptical galaxies contain a small amount of cold interstellar matter.
The CO and far infrared uxes are well correlated, though the relationship shows a lot of scatter, which does not appear to be caused by variations in the temperature of the interstellar dust and probably indicates di erences in the physical state of the interstellar medium from galaxy to galaxy. The CO ux densities are completely uncorrelated with the galactic starlight.
The detection of CO emission shows that many elliptical galaxies have dense cold gas in their inner regions. The four galaxies which are known to have CO absorption, including the two from the present paper, have relatively narrow absorption components which are at the galaxy's systemic velocity and/or redshifted with respect to this velocity, consistent with infall to the center of the galaxy.
Subject Headings: galaxies: elliptical -galaxies: ISM -galaxies: active 1. INTRODUCTION Although elliptical galaxies have long been thought to be devoid of cold interstellar gas and therefore of current star formation, recent improvements in sensitivity and wavelength coverage have led to the detection of HI, CO and far infrared emission from a signi cant number of them (Roberts et al. 1991; Bregman et al. 1992; Hogg et al. 1993) . Although the inferred amounts of gas are usually small compared to the amounts found in spiral galaxies (Huchtmeier 1994; Huchtmeier et al. 1995) , these observations are of interest for many investigations of galactic evolution, including: the fate of dust and gas shed by evolving stars; photometric evolution; the evolution of the hot gas seen via its X-ray emission (Forman, Jones and Tucker 1985) ; the e ect of a galaxy's environment on its evolution; the e ect of gas accretion on the structure; and the energetics of the active nuclei seen in many early type galaxies.
The most extensive data base to date on cold interstellar matter in elliptical galaxies was provided by IRAS (Neugebauer et al. 1984) . The global emission from late-type galaxies in the 12 m -100 m range observed by this satellite is dominated by radiation from interstellar dust. While early IRAS results for earlytype galaxies showed that most of them have little 60 -100 m emission and therefore little interstellar dust (de Jong et al. 1984) , the increased sensitivity obtained by co-adding the IRAS data led to the detection of weak long-wavelength (60 m and 100 m) emission from about 50% of the bright nearby elliptical galaxies (Jura et al. 1987 ; Knapp et al. 1989 , hereafter Paper 1). The observed ux densities and the upper limits are consistent with the hypothesis that all elliptical galaxies contain interstellar dust, though generally the ratio of dust mass to starlight is much smaller than is found in spiral galaxies. The global dust content of spiral galaxies generally correlates fairly well with the luminosity; elliptical galaxies by contrast show a much wider range of relative dust content.
Several recent searches for molecular gas in early type galaxies have concentrated on those with (relatively) strong 60 m and 100 m ux densities (Wiklind and Henkel 1989; Sage and Wrobel 1989; Lees et al. 1991, hereafter Paper 2; Wang et al. 1992; Sofue and Wakamatsu 1993; and Wiklind, Combes and Henkel 1995, hereafter WCH) . The present paper describes observations which supplement those in Paper 2 and other papers to produce almost complete observations of the sample of elliptical galaxies which are brighter than 1 Jy at 100 m. The observations, data reduction and results are given in the next section. Section 3 discusses the results for the individual galaxies and for the global gas content of elliptical galaxies, and the conclusions are in Section 4.
OBSERVATIONS AND RESULTS

a. Equipment
The data were obtained in several observing sessions, each of which is described in more detail below. The observations were made of the CO(2{1) line at 230.538 GHz (1.3 mm) using the 10.4 meter telescope of the Caltech Submillimeter Observatory (CSO) on Mauna Kea, Hawaii. The main-beam e ciency of this telescope is measured by observations of Mars and Jupiter to be 72% and the half-power beamwidth is 31 00 . The receiver used for all of the observations was an SIS junction cooled by liquid helium with a double sideband receiver temperature of 100-120 K. The antenna temperature was calibrated by a hot (ambient temperature) load and the atmospheric attenuation measured by the hot load and by sky dip observations. The antenna temperatures were corrected for atmospheric attenuation and for main-beam e ciency and the resulting intensity scale is in units of the RayleighJeans equivalent brightness temperature in Kelvins measured by a perfect 10.4 m antenna above the atmosphere.
The atmospheric attenuation at Mauna Kea under the best observing conditions has a value at zenith of o 0:05 at 230 GHz; the corresponding e ective single sideband system temperature corrected for atmospheric emission and absorption is 300 K for observations made at an airmass of 1.5 under excellent conditions. The observatory is at a latitude of +18 o , allowing access to the sky north of ?50 o . However, since atmospheric attenuation is signi cant at millimeter and submillimeter wavelengths, the sensitivity of observations south of about ?30 o is severely compromised since they are made at large airmasses.
The observations were carried out by position switching the telescope in azimuth every 10 seconds with a spacing between the`on' and`o ' positions of 10 arcminutes to observe a series of ten-minute scans with calibration observations made roughly once per hour. The telescope pointing was checked every few hours by observations of evolved stars which have accurate positions and whose envelopes have strong CO emission. The pointing was generally accurate to 5 00 . The equipment was checked from time to time by observations of the spiral galaxies NGC 253, NGC 4414 and NGC 5907.
The spectra were observed with an acousto-optic spectrograph (AOS) with 1024 channels over a bandwidth of 500 MHz. The channel-to-channel spacing is 0.5 MHz, and the resolution is about three channels. The total bandwidth is 700 km s ?1 . The frequency of the central channel and the frequency spacing per channel were calibrated using an internally generated frequency comb.
b. Observed Galaxies
The galaxies were selected from the compilation of IRAS measurements of early-type galaxies from Paper 1 to have S 100 1 Jy, to be elliptical galaxies, and not to have been observed previously. The nal sample deviates from these criteria: (1) some galaxies are at very low declinations and could not be observed, or the observational sensitivity obtained is poor: (2) a small number of galaxies did not have redshift measurements at the time of the observations: (3) a few of the galaxies are of later morphological type than elliptical, but were observed because there were no remaining elliptical galaxies in some time ranges: (4) for the same reason, a few elliptical galaxies with S 100 < 1 Jy were observed: (5) some of the galaxies from Paper 2 were re-observed to obtain greater sensitivity: (6) in subsequent reduction the data for two galaxies were found to be unusable.
In all, we have results for 42 early-type galaxies. These are listed in Table  1 , which gives the name of the galaxy, the observed position, the total blue magnitude B o T usually from de Vaucouleurs et al. (1991, hereafter RC3) , the optically measured heliocentric redshift (cz) , and the reference for this redshift. Next is the morphological type of the galaxy, usually from Paper 1 or from the RC3, the 100 m ux density from Paper 1, the observing session during which the observations were made, and the channel to channel r.m.s. sensitivity of each observation (see below).
The telescope beamwidth is 31 00 , so that the sensitivity of the observations, assuming that all of the molecular gas is within the beam, is compromised by position and pointing errors of more than a few arcseconds. The positions in Table  1 are mostly from Dressel and Condon (1976) , Gallou et and Heidmann (1971 ), and Gallou et, Heidman and Dampierre (1973 , 1975 , and are accurate to about 5 00 . The ux density of a galaxy which is observed at an o set from its true position of 10 00 (the sum of the typical pointing and position errors) is reduced to 75% of its true value if the emitting region is smaller than the telescope beamwidth. If the o set is much larger than this ( 15 00 ) the weak emission typical of these galaxies may not be detected.
A few galaxies in Table 1 have discrepant positions in the literature. The position for NGC 4753 given by Ne and Hutchins (1992) is 11 00 from that in Dressel and Condon (1976) but is, as far as we can ascertain, not a measured position for the galaxy but the center of the eld observed by these authors. The position of NGC 4936 in the ESO-B catalogue (Lauberts 1982) is 10 00 from that given by Gallou et, Heidmann and Dampierre (1975) . The position of NGC 6861 in Table 1 is 11 00 from that given by Lauberts (1982) . None of these galaxies was detected, and the position uncertainties may be responsible.
c. Observations
The observations were made in four sessions in 1991-2. In May 1991 the weather conditions were variable, with o 0.05 -0.13, and the pointing was good to 6 00 . The spiral galaxy NGC 5907 was observed as a test object. In all, ten early-type galaxies were observed, and one, NGC 6014, was detected.
The observations of September 1991 were made over six nights during which the weather steadily improved, with o decreasing from 0.3 on the rst night to 0.07 on the last. The pointing was good to 5 00 . Two major equipment problems were encountered during this run. The rst was a temperature calibration error due to a scaling error in the AOS. This was corrected by making every observation with two AOS backend receivers, the second having a total width of 50 MHz. The system temperatures measured in each AOS were recorded for every observation. The antenna temperatures of standard sources measured in the 50 MHz AOS were determined to be correct, so the scale o set between the 500 MHz and 50 MHz observations was found by comparing the system temperatures and by comparing observations of narrow CO lines (mostly from circumstellar envelopes) made with both backend receivers; both methods gave the same value. The scale error was found to be constant throughout the observing run, with T(true) = 0.56 T(observed).
The second equipment problem was caused by di culties with the phase lock loop which holds the local oscillator system at a xed frequency. For the last two nights of the run, this lock loop could hold the frequency only to about 1 MHz at some local oscillator frequencies, as determined from observations of the narrow CO(2{1) line from Mira. This e ectively added a small velocity broadening (1 -2 km s ?1 ) to the data which could not be accurately measured. However, this broadening is unimportant for our observations, being well below the expected global linewidths for galaxies ( 100 km s ?1 ) and smaller than the nal velocity resolution used in the data analysis (see below). The only galaxies observed under these conditions are NGC 1153 and NGC 1291; in particular, this problem does not a ect the observations of the two galaxies (NGC 1052 and NGC 4335) for which we claim to have detected narrow absorption lines (see below).
The instrumental setup was checked by observations of NGC 253. Twelve early-type galaxies were observed, with one detection (NGC 662) and one tentative detection (NGC 1052).
The third observing run, in April 1992, was blessed with excellent weather throughout, with o 0:04 to 0.08. Most of the low-declination observations were made during this run. The pointing was measured to be accurate to better than 8 00 . The scale error for the 500 MHz AOS observations was present for this run also and was dealt with by observing with both the 500 MHz and 50 MHz AOS backends as described above. The derived scale correction factor was 0.74 throughout. The spiral galaxies NGC 253 and NGC 4414 were observed as checks. In all, 23 early-type galaxies were observed, with ve detections (UGC 05720, ESO 507-G25, NGC 5838, NGC 6278, and NGC 6524). The line observed from UGC 05720 is relatively strong and narrow, and observations of this galaxy at o sets of = 30 00 ; = 30 00 were made. The detection of NGC 6278 is tentative.
The nal observations were made in September 1992. The weather was variable, with o being 0.18 at the beginning of the run, rising to 0.3, then declining to 0.06 by the end. The pointing was accurate to 5 00 . The 500 MHz AOS antenna temperatures were corrected as described above, with a scale correction factor of 0.74. This run was used for another project on spiral galaxies, and only four earlytype galaxies were observed. Two, NGC 6987 and ESO235-G49, were tentatively detected.
d. Data Reduction
The calibrated scans for each galaxy were examined and individual bad scans rejected. Data were considered to be bad if there was obvious baseline ripple or curvature, and/or if the noise level was anomalously high or low. The remaining scans were then averaged, weighting each by the r.m.s. channel noise found after removing a linear baseline ( t to the channels excluding the central 300 km s ?1 ) from each scan. A linear baseline was then removed from the nal averaged spectrum, excluding channels with line emission (in the case of detections) or the central 300 km s ?1 (in the case of non-detections), as well as those at the extreme ends of the band, where the data are somewhat noisier. Finally, the data were binned to a resolution of 9.6 km s ?1 per channel, and the r.m.s. noise calculated from the line-free channels. This is given in column 10 of Table 1 . The range in r.m.s. noise values re ects the range in integration time spent on each galaxy, as well as of the atmospheric opacity and air mass during the observations. The velocity scale was then found according to the optical convention for each averaged line pro le by correcting to heliocentric velocity, calculating the frequency for each channel, and calculating the redshift for each channel from
where o and o are the rest frequency and wavelength. The velocity for each channel is then cz.
e. Results
In all we have detections or tentative detections of CO emission from 11 of the 42 galaxies observed. Two galaxies, NGC 1052 and NGC 4335, tentatively have absorption lines. The line pro les for all 42 observed galaxies are shown in Figure   1 , which shows the main-beam brightness temperature T R in K versus heliocentric redshift cz in km s ?1 . The optically-measured redshift of each galaxy is indicated. Because the observations were made at a frequency given by = o z, the line pro les are not quite centered on the optical redshift and the o set increases with increasing redshift, as Figure 1 shows.
The results are summarized in Tables 2 -4. Table 2 gives the results for the galaxies in which CO emission was detected, Table 3 the results for the two galaxies in which absorption was tentatively detected, and Table 4 the data for the non-detected galaxies. Table 2 gives the galaxy name, the integrated CO(2{1) line intensity I CO in K km s ?1 , the CO line width at the half power points, the CO heliocentric redshift in km s ?1 and the peak line temperature in mK. Table 3 gives the galaxy name, and, for each absorption component, the peak intensity, the redshift, and the line width. The signal-to-noise ratio for the detected galaxies is low, and as Figure 1 shows, the description of a given observation as a detection or non-detection is often not clear: for this reason we directly present all of the observations in Figure 1 and list in Table 4 the integrated CO line intensities for the undetected galaxies. These were calculated by summing the CO line temperature over a velocity range of 300 km s ?1 centered on the optical redshift. Table 4 gives the galaxy name, the integrated CO line intensity, and the 1 uncertainty in this quantity.
The detected emission lines are narrow, sometimes less than 300 km s ?1 ; the observations of other authors (e.g. WCH) show a similar trend. Since the stellar components of many of these elliptical galaxies have velocity dispersions of up to 2 -300 km s ?1 (Faber et al. 1989 ) (which would correspond to circular velocities of 300 -500 km s ?1 ), the strong implication is that the observed CO in elliptical galaxies, as in spiral galaxies, is in a rotating disk, and that we are able to detect CO emission only from those galaxies with disks close to face-on, or which are of low enough mass that the rotation speed is small. The detectability of a given amount of molecular (or atomic) gas decreases with increasing line width; further, lines broader than several hundred km s ?1 are di cult to detect because of non-linear baselines and the small total bandwidth of the back-end spectrometer ( 700 km s ?1 in the present case).
With data whose signal to noise ratio is as low as that in the present work, the decision as to whether a galaxy is detected is subjective. Only four of the observed galaxies have CO emission which is many times the r.m.s. uncertainty -NGC 662, UGC 05720, NGC 6014 and NGC 6524. Are the other claimed detections real? Figure 2 gives the distribution of the signal to noise ratio I CO = for all 42 galaxies using the data in Tables 2 and 4 , and shows a distinct bias towards positive values of I CO = . This could be caused by a low level of positive curvature in the baselines, but otherwise we can identify nothing in the data reduction or analysis procedure which would produce this bias. Figure 2 suggests that the majority of the observed elliptical galaxies have weak CO emission which is at the 1 -2 level.
3. DISCUSSION a. Individual Galaxies 1. NGC 83: Figure 1 shows a tentative detection of CO emission from this galaxy centered at (cz) = 6365 km s ?1 , in good agreement with the optical value. CO(1{0) and CO(2{1) emission have also been detected by WCH, and the results from the two telescopes are in reasonable agreement when the di erent beam sizes are taken into account.
2. NGC 662: The CO(2{1) line pro le shows the general shape expected for an inclined rotating disk, and the central redshift is in good agreement with the optical value. The line pro le does not agree at all with the CO(1{0) pro le of Wang et al. (1992) who detect only a narrow feature near 5900 km s ?1 .
3. NGC 1052: The CO emission tentatively detected from NGC 1052 is at the blueshifted end of the velocity range of the HI emission from this galaxy (van Gorkom et al. 1986 ). Wang et al. (1992) and WCH do not detect this feature, but their observations use smaller beams than does that in this paper, and the HI disk is extended on a scale of several arcminutes (van Gorkom et al. 1986 ). Wang et al. (1992) report an emission feature 150 km s ?1 wide in the CO(1{0) line near the galaxy's systemic velocity, but this is not con rmed by the CO(1{0) observations of WCH nor by the CO(2{1) observations of WCH and in the present paper.
The line pro le in Figure 1 shows tentative evidence of narrow absorption features. This line pro le contains data taken on several nights, and the apparent features appeared in the pro le for each night. The components are at redshifts of 1560 and 1622 km s ?1 , and have similar depths, 10 mK. We did not measure the 230 GHz continuum ux density of NGC 1052 during these observations, but the 1.3 mm continuum observation of Knapp and Patten (1991) gives a ux density of 560 mJy, corresponding to a brightness temperature measured by the CSO of 14 mK; since CO absorption is likely to be optically thick, the agreement with the depth of the absorption features supports the reality of the observed absorption components. These absorption components are also present in the CO(1{0) and (possibly) CO(2{1) line pro les measured by WCH, but are not seen in the CO(1{0) observation by Wang et al. (1992) . The absorption velocities also show reasonably close correspondence with the velocities of two of the HI absorption components measured by van Gorkom et al. (1986) and are redshifted with respect to the galaxy's systemic velocity. There is also a possible very narrow emission feature near 1450 km s ?1 .
4. NGC 1291: We do not detect CO emission from this large galaxy, but the observations are fairly insensitive because of its southerly declination. CO(1{0) emission has been detected from the central regions using the SEST by Tacconi et al. (1991) .
5. NGC 2768: Narrow CO(1{0) and CO(2{1) emission has been detected by WCH at a velocity near 1500 km s ?1 ; the present observations are not sensitive enough to con rm this. (Sofue and Wakamatsu 1993; present paper) . However, these observations may not be de nitive because the line width may be large -the HI line width for this galaxy is 600 km s ?1 ).
NGC 2974: This galaxy is undetected in the CO(1{0) and (2{1) lines
7. UGC 5720 (Arp 233; Haro 2): is a blue compact elliptical galaxy with a dust lane (M ollenho et al. 1992 ) and has been detected in the CO(1{0) and CO(2{1) lines by Sage et al. (1992) and Israel et al. (1995) . The observations by these authors are in good agreement with those in the present paper.
8. ESO 507-G25: We tentatively detect weak, broad emission from this galaxy at a redshift of 3225 km s ?1 , in good agreement with the optical value of 3267 km s ?1 . This bright galaxy is classi ed as E or SO ? , and has the red colors typical of an elliptical galaxy (Poulain and Nieto, 1994; Penereiro et al. 1994; Buta and Williams 1995) .
9. NGC 4335: We do not detect CO emission, but as the pro le in Figure 1 shows there may be absorption. The data for this galaxy were obtained over several nights, and the feature is seen on each night. The absorption is at (cz) 4670 km s ?1 and has a depth of 30 mK. The galaxy's systemic redshift is 4595 km s ?1 , and the CO velocity indicates infall to the central regions. NGC 4335 is a radio galaxy (Becker et al. 1991; Gregory and Condon 1991; White and Becker 1992) , but there are no HI observations to our knowledge, and no continuum observations at millimeter wavelengths.
NGC 4374 (M84):
We do not detect CO emission from this galaxy, which has a minor axis dust lane. Sofue and Wakamatsu (1993) and WCH have also searched for CO emission from this galaxy without success. The morphology of the dust lane suggests an edge-on disk, in which case the velocity width might be large and any CO or HI emission di cult to detect. 10. NGC 4697: We do not detect CO emission from this galaxy. Sofue and Wakamatsu (1993) report a marginal detection of the CO(1{0) line.
11. NGC 4742: We reported a marginal detection of CO(2{1) emission from the galaxy in Paper 2, but do not con rm this in the present observations. 12. NGC 5838: Broad CO emission is tentatively detected from this S0 galaxy. HI emission has been searched for, but not detected (Chamaraux et al. 1986 ).
13. NGC 6524: The observations of this galaxy have a signi cantly curved baseline, and a second-order baseline was removed from the data shown in Figure 1 . The parameters in Table 2 are thus rather uncertain. 14. NGC 6654: A tentative detection was reported in Paper 2, but is not con rmed by the present observations. 15. NGC 6702: The galaxy is not detected in the CO(1{0) line (Wang et al. 1992, WCH) , nor in the CO(2{1) line (present paper). Submillimeter continuum observations of this galaxy (Fich and Hodge 1993; Knapp et al. 1995) suggest that the 100 m emission reported in Paper I is not associated with the galaxy but is due to structure in the Galactic cirrus.
In addition, several of the other galaxies in Table 1 for which we did not detect CO emission have also been observed by other groups without success: NGC 4581 (Paper 2), NGC 4645 (Huchtmeier and Tammann 1992) , NGC 4753 (Thronson et al. 1989 ) and NGC 3837, NGC 3842 and NGC 4581 (WCH).
b. Comparison with Previous Observations
The data described above in the discussion of individual galaxies are generally in good agreement as to the presence of emission (or absorption), the velocity, and the velocity width, with the observations of WCH. Figure 3 shows the integrated brightness of the CO(1{0) line observed with the IRAM 30m telescope versus that of the CO(2{1) line observed at CSO, with data from WCH, Paper 2 and the present paper. The intensities agree quite well; their mean intensity ratio is close to the value expected if the CO emission region is within the 22 00 IRAM beam. These observations show that many elliptical galaxies have signi cant amounts of molecular gas in their inner regions.
c. The Relationship Between CO and Far Infrared Emission
The proportionality between the global CO and 60/100 m uxes seen for spiral galaxies (e.g. Young et al. 1989 ) is interpreted as showing the relationship between molecular gas and star formation. The accumulated CO data for elliptical galaxies provide observations to a reasonable sensitivity of almost all of the elliptical galaxies from Paper I with 100 m ux densities > 1 Jy (Wiklind and Rydbeck 1986; Wiklind and Henkel 1989; Sage and Wrobel 1989; Lazare et al. 1989; Thronson et al. 1989; Gordon 1990; Eckart et al. 1990; Paper 2; Gordon 1991; Huchtmeier and Tammann 1992; Sofue and Wakamatsu 1993; Sage and Galletta 1993; Huchtmeier et al. 1994 ; WCH; present paper). The combined observations in these papers give CO data for 92 galaxies.
The CO line intensities I CO in units of K km s ?1 from the above papers were used to estimate the CO(1{0) line uxes S CO in Jy km s ?1 for the detected galaxies from S CO = 10 23 2k J 2 A I CO (2) where A is the area of the antenna used to make the observations and J is the upper quantum number of the observed transition. This expression explicitly assumes that the brightness temperatures of the molecular clouds are the same at all observed CO wavelengths and that the CO-emitting region lies within the telescope primary beam. The resulting values are plotted versus the 100 m ux density in Figure 4 . As can be seen, there is a well-de ned linear correlation between the CO and 100 m ux densities but there is also a large amount of scatter (though no greater than that seen for spiral galaxies) which can not simply be explained as due to di erent temperatures of the emission regions, and may indicate di erent distributions among the physical states for the gas in di erent galaxies.
What about galaxies in which CO emission is not detected? Table 5 gives the CO detection rate versus 100 m ux density. The overall rate is 45%, and rises with increasing 100 m ux density, in agreement with the proportionality shown in Figure 4 . The detection rate does not reach 100% even for the brightest galaxies; as discussed above, there are biases in the data set in that galaxies with broad CO emission lines would simply not be detectable with present instruments.
Although the galaxies in Table 5 and Figure 4 have by and large been selected to be relatively bright at 100 m, the sample contains a fair number of galaxies which show very little or no (detectable) 100 m emission yet are detected in the CO line (e.g. NGC 4472, Huchtmeier et al. 1994) . The CO detection rate even for the galaxies with S 100 < 1 Jy has the respectable value of 20%, and further, Table  5 takes into account only galaxies in which CO emission is detected. There are two galaxies in which only CO absorption is seen: NGC 4335 (present paper) and NGC 4261 (Ja e and McNamara 1994), and both of these are quite weak at 100 m (0.91 Jy and 0.13 Jy respectively).
Thus, tentatively, the accumulated observations support the hypothesis (Paper 1) that almost all elliptical galaxies contain a small amount of cold gas. An extensive HI survey of elliptical galaxies by Huchtmeier (1994) and Huchtmeier et al. (1995) gives a similar result for HI. If the molecular clouds were similar to those in the local region of the Galaxy, the amounts of molecular gas in elliptical galaxies would be 10 7 to 10 9 M (cf WCH).
d. The Molecular Gas Content Figure 5 shows the CO ux as a function of the corrected optical magnitude B o T (from the RC3). Unlike the case for spiral galaxies, this is a scatter diagram. Figure 5 contains such contrasting galaxies as the bright, luminous members of the Virgo cluster, NGC 4472 and NGC 4486, which contain very little cold interstellar matter, and the bright nearby galaxy NGC 5128, which contains a large amount 10 9 M . Figure 5 shows the lack of a relationship between the starlight and the gas content in early type systems. It is unlikely that the gas and dust seen in these systems is due only to mass loss from evolving stars.
e. CO Absorption
Two of the galaxies in this paper, NGC 1052 and NGC 4335, tentatively show absorption components, bringing to four the number of elliptical galaxies showing CO absorption; the others are NGC 5128 (Israel et al. 1991) and NGC 4261 (Ja e and McNamara 1994) . The CO lines are at approximately the same velocities as the HI absorption seen for three of these galaxies; there is no observation of HI towards the nucleus of NGC 4335 to our knowledge. Several other galaxies may have CO absorption -as Figure 1 shows, NGC 6014, also a weak radio galaxy (Wrobel and Heeschen 1991 ) is a possibility.
The HI/CO features in NGC 1052, as well as those in NGC 5128, occur at the systemic redshift of the galaxy or are redshifted with respect to it. The data for the other two galaxies show similar trends; the absorption component in NGC 4261 seen in both HI and CO is at a relative velocity of +24 km s ?1 with respect to the galaxy while that in NGC 4335 is at +75 km s ?1 .
Van Gorkom et al. (1989) estimated typical HI infall rates of several hundredths of a solar mass per year from observations of HI absorption. The detection of CO absorption shows that these are lower limits, since the infalling gas also contains a molecular component. More sensitive observations than those in the present paper will be required to measure the molecular gas infall rates.
IV. CONCLUSIONS
We have searched for CO(2{1) emission from a sample of 42 early type galaxies; most of them are elliptical galaxies and most have 100 m ux densities > 1 Jy. Together with data from the literature, particularly from WCH and Paper 2, there are data for 92 galaxies, and the data set is almost complete for elliptical galaxies with S 100 > 1 Jy.
1. We detect emission, in some cases tentative, from 11 of the 42 galaxies. This detection rate is lower than that in Paper 2 and in WCH, but the galaxies described in the present paper generally have lower 100 m ux densities than those observed previously.
2. The CO lines observed in this and previous work tend to have small widths, suggesting that some non-detections may have line widths too large to be easily observed.
3. The statistical distribution of the data suggests that a majority of the galaxies may have weak CO emission.
4. The CO and far infrared uxes are well correlated, but with large scatter, which cannot readily be explained by di erent dust temperatures. 5. Absorption was tentatively detected in two radio galaxies, bringing to four the elliptical galaxies known to have CO in absorption against the nucleus. Two of these galaxies do not have CO detected in emission and have quite low infrared uxes (S 100 < 1 Jy). In all cases the CO absorption is seen at the systemic velocity of the galaxy and/or redshifted with respect to it, as is the HI absorption in larger samples of elliptical galaxies. The infall rates of cold gas to the inner regions of these galaxies are thus higher than inferred from the HI measurements alone.
6. The detection rate is fairly high (45% for the whole sample from this and other recent papers) and rises with 100 m ux density. The results are consistent with the presence of small amounts of cold interstellar matter in all elliptical galaxies. The molecular gas content can be inferred to be 10 7 to 10 9 M , and its presence in the inner regions of elliptical galaxies provides a source for nuclear activity and may a ect the central structure of the galaxy. 
